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MEMORANDUM 

To: 	 Dean Tagliaferro, USEPA 
Darrell CENAE 

From: Joel Lindsay 

Date: 	 February 6, 2003 

Subject: 	 1.5 Mile Removal Action-Phase IT PCB Data Evaluation for Limits of 
Excavation Upstream of the Elm Street Bridge 
DCN: GE-020603-ABLE 

This memorandum has been prepared to present analytical results for soil sa~nples 
collected along the riverbanks from Transect 98 to the Elm Street bridge as a part of the 
investigation stage of the 2ndphase of the 1.5 Mile Reach Removal Action of the 
Housatonic River in Pittsfield, Massachusetts. Field sampling activities associated with 
this investigation were conducted on November 7 through November 9,2001. Included 
in this memorandum is an analysis and UCL evaluation of the new bank sample data. The 
results of the data analysis and UCL evaluation are used to confirm, and in some cases 
modify excavation limits that were originally provided in the EEICA for the 1.5 Mile 
Reach Removal Action. This memorandum includes the following sections: 

* Purpose and Objectives 
* Field Sampling Procedures 
* Laboratory Anall.tica1 Procedures 
* Analpica1 Results 
* Data Analysis 
* Removal Recommendations 

The activities described in this memorandum stere conducied in accordance with project-
:vide rind area specific planning doculnents. These planning documcats include the 
following: 

* Project F~eld Sampling Plan (06-03341 
* Project Health and Safety Plan (HASP) (00-0313) 

r Projccr Quality -4ssurar:ce Projcct Plan and Xdde~idurnIQAPP) (00-CjliriS) 

r Site SpecrEc ileaith slid S3fetj Plan (0(1-0475/ 
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Purpose and Objectives 

The purpose of ihis in~estigation -+?{as to supplement existing rirferbank soil data for the 
Phase I1 area of the 1.5 Zclile Reach from transect 92 to the Elm Street bridge (trmsect 
106) in order to finalize the -,ertical and ilorizontal excavation limits. Supplemental 
smpling and data evaluation for the remairtder of Phase I1 (i.e., front the Elm Street 
bridge to transect 168) w1l1 be the subject of a separate report. This investigation and 
subsequent data assessment had specific objectives that are described in the paragraphs 
below: 

West Bank 

The sampling performed during the engineering evaluatiodcost analysis (EE!CA) was 
generally limited to lower bank samples (e.g., elevation 975 feet above mean sea level 
( M S L )  and below). Based on this sampling, the EEKA concluded that a three-foot 
excavation to the top of the riverbank was required to meet cleanup levels. General 
Electric (GE), in its written comments on the EE/CA, stated that additional sampling 
should be performed between existing sample locations and the actual "top of bank" 
(proposed excavation limit) where there was a significant difference between these two 
points. EPA generally concurred (see EPA Responsiveness Summary-November 
2000). For the west bank from transect 98 to 106, the "top of the bank", as agreed upon 
between EPA and GE, ranges from 980 feet AMSL to approximately 990 feet PU?/ISL. 
Since this top elevation of sampling varied significantly from the elevation of the "top of 
bank", EPA concluded that additional sampling for PCBs was warranted to determine if 
the limit of excavation could be lowered from the location proposed in the EE/CA. 

East Bank 

Additional investigation and assessment activities were required on the east bank for the 
following reasons: 

1. 	 To further sample and assess the upper bank for transects 92 to 102. The 
sampling performed in the EEiCA was generally limited to the lotirer bank (s.g., 
elevations 977 feet AbISL and below). The top of bank ranges fron1985 to 9915 
feet A&ISL). See the rationale for the \,test bank provided above. 

2. 	 To further assess PCBconcentrations at depths greater than three feet on 
residential parcel 12-23-1. Parcel 18-23-1 encompasses transectslG4 aid IcIG. 
The ekeanup level f i r  depths greater than three feet on residential properties 
specified in t!2e EEKA and ,4ction hIemoranduni include a "'not-to-eicettd" PCB 
concei~trationof 50 ppn-t and an average concentration of PCBs of Less than 10 
p p n ~in bznk soils from 3 to 15 ker deep. Since the EEJCAconta~nedonly one 
sarnpI~i-iglocation: tt ith a depth greater than tivee feet 01% t h ~ spropcfi;:, ;iddltlonai 
sampling :tas igvarran:eJ 
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3. To sample parcel 18-23-1 at elevation 980 feet -4MSL for PCBs to fill in this data 
gap. The riverbank on this residential parcel was previously saslpfed to the top 
of the bank (approximate elevation of 990 feet AMSL), however, sampling at 
elevation 980 AMSL was not perfomed. 

4, To reassess the data evaluatio~i psrfo~~lled in the EEIGA. The EEiCA contained 
the following ecrors or omissions: It evaluated parcel 18-23-4 as a residential 
parcel, which is incorrect; it omitted the results of over 19 sampling locations for 
parcel 18-23-1; it incorrectly concl~~ded that only a one foot excavation was 
necessary to meet the residential cleanup criteria for parcels 18-23-1 and 18-23-4 
while the report concluded that the 95% UCL for these properties for the 0 to 3 
foot depth was 18.1 ppm (a 95% UCL it as not calculated for the 1 - 3 foot depth); 
it concluded, based solely on eight depth saniples collected from the lower bank, 
that parcels 18-23-2,18-23-3, and 18 23-6 required only a one-foot excavation. 
Revised data evaluations were performed as part of this investigation to consider 
the appropriate use classification (i.e., residential vs. recreational) and all PCB 
analytical data collected to date. 

Sampling Locations 

A total of twenty-five sample locations were established to further characterize the PCB 
concentrations in the riverbanks from Transeet 98 to the Elm Street bridge. Figure 1 
depicts the locations of these samples collected as part of this effort. 

Sample locations BS000173 -BS000182 are located at elevations ranging from 978 to 
985 on the west bank. These locations were selected to correspond to existing transects 
98 -106 where previous sampling did not extend to the top of bank (EPA limit of 
excavation). Sample locations BS00019 1 -BS000197 are located at elevations ranging 
from 980 to 989.5 (at the approximate EPA limit of excavation) on the east bank. These 
locations were selected to correspond to existing transects 98 -102 where previous 
sampling did not extend to the top of bank. Sample locations BS000183 -BS000190 are 
located on parcel 18-23-1 on the east bank at elevations 977 and 980. All locations were 
surveyed and staked at the appropriate elevation prior to the field sampling effort. 

Field Sampling and Analytical Procedures 

Soil sampling was conducted at each of the pre-detemiiaed locatrons as depicted In 
Figure 1. Sel enteen sample Iocarions were sampled along existing transecls 98- 106 on 
both the easl and uest riverbank and san~pied to a depth of thee  feet(&i:h sample depths 
incfading 0-1. 1-2. and 2-3 feet). At total of eight addirional Iocztloas were sampied on 
parcel 18-23-1.Three of these eight locations on parcel 18-23-1 were szimpled akelevatrori 
980, and sampled at depth hlntea als of 0-1, 1-2, and 2-3 feet. Tl~i:other Eve locations on 
parcel 16-23-1 ryere spaced 3125-foot intervals along rile bank of the p a w l  at ciet'ation 
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977 (approximately mid-bank) to assess PCB concentrations at dep"is bettseen 3 and 6 
feet (lvith sanlple depths of 3-4,4-5, and 5-6 feet). 

Sampling protocols were conducted in accordance with the $VESTON Field Sampling 
Plan (30 July 2001 j for soil sampling (C.32). Refusal was encountered before the design 
depth couId be achieved at several locations including seyen of the supplenlental transecr 
sanlple locations and all five of the 3 to 6 foot reside~ltial sample locations. Locations 
where refusal vvas met before the design depth could be achieved are depicted on the 
attached figure. For these locations no result is shown on the figure for depths cvhere 
refusal was met. 

XI1 sarnples were analyzed for PCBs at a fixed, off site laboratory approved by CEKAE. 
QNQC samples were obtained in accordance with the requirements outlined in the 
project QAPP and Addendum (00-03-05). ?VESTON conducted data manage~nent and 
data validation of sample analyses in accordance with the procedures outlined in the 
project QAPP. All analyses were found to meet the Level I11 data quality objectives as 
outlined in the project QAPP. 

Analytical Results and Data Analysis 

A total of 72 samples were analyzed for Aroclors and Total PCBs. Table 1 shows the 
validated analytical results for all samples associated with this investigation. The data 
was evaluated using the EPA guidance documents entitled Calculating Upper Confidence 
Limitsfor Exposure Point concentrations as Hazardous Waste Sites (December 2002). 
The EPA approved PRO UCL softvvare package (Version 2. I ,  June 2002) was used to 
calculate various UCLs. A summary of the UCL calculations is provided in Table 2. 
Printouts from the PRO UCL software package are included in the attached Appendix. 

Su~ic ia lEvaluation: 0 - 3 Feef 

West Bank 

EPA deternitled that on the west bank, the averaging area would be defined as the entire 
riverbank located or1 Parcel 18-24-1. This is due to the similar physical characteristics of 
the riverbank and also to include the entire riverbank for this properly in one averaging 
area. This extends the subreach evaluation perfomed in the EEiGA to include transects 
90 and 92. It also extends the subreach to the Elm Srreet bridge. The EEiG-4 teminated 
the subreach (or averaging area) at transect 106, which is approximately 15 feet upsxream 
of the Elnl Street bndge. 

The data evaluatlnn on the west 5ar& consisted solely of evaluaring tine upper bank data 
There was no re-evaluat~onofthe three-foot excavation depth on the lo\%er bark. 'Ihis 
area is a cornmercrai irccreatlonal) propeflqr that has an apparent trend in the data \%here 
PCB concentrations decrease with ax-; increase in elevation. Therefore. the foliuwrng 
a i  eraglng areas were based on elevation. 



Area A consists of nine sample locations including 27 total samples on the \vest bank of 
the river between transects 90 and 106 at elevation 980. This includes smples &om 
depths of 0 to 3 feet. For this area, the average PCB concentration was 3.3 ppm and 
maximum concentration was 34 ppm. The CCL software package detemied that the data 
was log-normal and the recommended UGL was 9.0 pprn. The 9.0 ppm UCL meets the 
10 ppm 0-3 foot cleanup levels specified in the Action Memorandum for recreational 
properties. 

Area B consists of four sample locations including 11 total samples on the west bank of 
the river between transects 90 and 106 at elevation greater than 980. This includes 
samples from depths of 0 to 3 feet. For this area, the average PCB concentration was 
0.14 ppm and the maximum concentration was 0.54 pprn. The UGL software package 
determined that the data was log-normal and the recommended UCL was 0.37 pprn. The 
0.37 UCL meets 10 ppm 0-3 foot cleanup levels specified in the Action Memorandum for 
recreational properties. 

East Bank 

The banks in this stretch of river were evaluated as two distinct areas based on 
geographic distribution of the sarnple locations and observed characteristics of the soil 
types in these areas. The first area includes the bank from transect 92 to transect 98 on 
the east side of the river. The second area includes the bank from transect 100 to transect 
106 on the east side of the river. 

Transects 92 -98 (Parcel 18-23-6) 

The first overall area consists of tra~iseets 92 through 98 and terminates at the property 
line of parcel 18-23-6. This area consists of one commercial (recreational) property and 
there is evidence of fill material on the entire riverbank. There is no obvious trend of 
PCB data with regard to depth or elevation. Due to these factors and others cited above, 
the remediation limits for the entire bank were re-evaluated for this area. In an attempt to 
minimize the required remediation, this area was divided into the following two 
averaging areas, 0-1 foot depth and 1-3 foot depth. 

Area C consists of ninetee11 smiple locations irlcluding 19 total samples on the east bank 
of the river benveen transects 92 and 98. This includes samples from the depth of 0 to 1 
feet only. For this area, the average PCB concentration was 30.63 pprn and f ~ emaxirnurr; 
ivas 150 ppm. The UCL sofi'vr;'arepackage detemined that the data was log-nomal and 
the recommended UGL was 81.91 ppm. The 81.91 ppm UCL. exceeds the I O ppm 
cleanup levels specified in the Action ?clemorandum for recrearionai properties. 

Area D consists of thirteen sari-lple Iocations including 30total sampIes on the east bank 
ofthe i'i\ier bettveen transects 92 and 98,This incilldllis samples from depths of1 to 3 
feet. For this area, the average PCB concer,trarior?was 10.16 ppm and the n:aliimunz was 



43 ppm. T l~eUCL soft.ivare package detemmi~led that the data was log-nom~al and the 
recornmended UCL was 35.16 ppm. The 35.16 ppni UCL exceeds the 10 ppm cleanup 
levels specified in the Action Memorandum for recreational properties. 

Transects 100 through 106 (parcels 18-23-1,18-23-2,18-23-3 and 18-23-41 

The second area indudes both a con~nlercial (recreational) and residential property wit11 
an apparent trend in the data where PCB coticentrations decrease with an increase in 
elevation. Ful-lhem~ore, the banks have not been observed to contain fill material. 
Therefore, the data was evaluated both by elevation and depth. In attempt to nlinirnize 
excavation volumes, various elevation and depth-based sub areas were evaluated. After 
the UCLs were calculated for this area, the data was compared to the cleanup levels based 
on the use of each parcel (i.e,, recreatioilal standards for 18-23-2,13-23-3 and 18-23-4 and 
residential standards for 18-23- 1). 

Area E consists of six sample locations including 17 total samples on the east bank of the 
river between transects 100 and 106 at elevation 980. This includes samples fro111 depths 
of 0 to 3 feet. For this area, the average PCB concentration was 0.25 ppm and the 
maximum concentration was 1.4 ppm. The UCL software package determined that the 
data was log-normal and the recommended UCL was 0.68 ppm. The 0.68 UCL meets 10 
ppm 0-3 foot cleanup level for recreational properties and the 2 ppm 0-3 foot cleanup 
level for residential properties specified in the Action Memorandum 

Area F consists of fifteen sanlple Zocatiol~s including 50 total samples on the east bank of 
the river between transects 100 and 106 at elevation greater than 980. This includes 
samples from depths of 0 to 3 feet. For this area, the average PCB concentration was 
0.28 ppm and the maximum concentration was 0.9 ppm. The UCL software package 
determined that the data distribution was not log-normal and not normal. A11 non- 
parametric UCLs calculated by the software package were below I pprn. Therefore, 
both the recreational and residential cleanup levels specified in the Action Memorandum 
are met in this area. 

Based on the analysis for areas E and F, cleanup levels for both residential and 
recreational properties are currently met on parcels 18-23-1,18-23-2,I8-23-3 and 18-23-4 
at elevation 950 and above. Therefore, no remediation above elevation 950 is required on 
any of these parcels. 

An analysis was performed to dete~minethe required bank remediation at elevations 
below 980 as described in thc paragraphs below: 

Area G consists of twelve sarnpie locations ~ncludrng34 total samples on the east bank of 
the nker between transects l i j O  and 106 at elevations less than 976.This ~ncludes 
sariiples ii.o:li dtlpihs o f 0  to 3 feet. For this area, the average PCB conccntrai.ion ti; as 
8.37pprn an3 the ma.iimum concentration was 50 ppm. The L'CL software package 
dclerml~edthat the data distribution was not log-normal and not normal. Ail non-
pxamcfnc L r L s  calculated by the soft^ are package ranged from f 1.62pprn to 17 i 7 
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ppm. Therefore, this area does not currently meet either the residential or recreational 
cleanup levels specified in the Action R.lemormdum, 

Area H consists of twelve sample locations incl~tding 12 total samples on the east bank of 
the river between transects 100 and 106 at elevation less than 976. This includes samples 
from depths of 0 to 1 feet. For this area, the average PCB concenlration was 1 1. I ppm 
and the maximum concentratio11 was 50 ppm. The UCL sofinrare package detemined 
that the data was log-nomal and the recommended UCL was 33.9 pprn. The 33.9 pprn 
UCL exceeds both the I0 ppm cleanup level for recreatiofial properties and the 2 pprn 
clea~lup level for residential propefiies. 

Area I consists of eleven sanlple locations including 22 total samples on the east bank of 
the river beween transeets 100 and 106 at elevation less than 976. This includes samples 
from depths of 1 to 3 feet. For this area, the average PCB concentration was 6.87 ppm 
and the maximum concentration was 38.7 pprn. The UCL software package determined 
that the data distribution was not log-normal and not normal. All non-parametric UCLs 
calculated by the software package ranged from 10.3 pprn to 16.1 pprn. Therefore, this 
area does not currently meet either the residential or recreational cleanup levels specified 
in the Action Memorandum. 

Based on the analysis for subareas G, H, I, cIeanup levels for both residential and 
recreational areas are not met at elevations below 976 for the 0-1, 1-3 and 0-3 depth 
ranges. Therefore, remediation is required on parcels 18-23-1,18-23-2,18-23-3 and 18- 
23-4 from 0-3 feet at elevation 976 arid below. 

The remaining area to be evaluated on parcels 18-23-1,18-23-2,18-23-3 and 18-23-4 is 
from elevation 976 to 980. Again, three separate calculations were performed and are 
described in the paragraphs below: 

Area J consists of six sample locations including 18 total samples on the east bank of the 
river between transects 100 and 106 at elevations between 976 and 980. This includes 
sarnples from depths of 0 to 3 feet. For this area, the average PCB concentration was 7.5 
ppm and the maximum concentration was 74 ppm. The UCL software package 
detemined that the data was log-normal and the recommended UCL was 67 pprn. The 
67 ppm UCL exceeds both the 10 pprn cleanup level for recreational properties and the 2 
ppm cleanup level for residential properties. 

Area K ~onsists of six sample locations including 6 total samples on the east bank of the 
n ter  between transects I90 and 106 at elevarions between 976 and 980, This inciudes 
samples from dep"is of 0to 1 feet. For this area, the average PCB concentration was 4.39 
pprn and the maximum concentration was 14 ppm. The UCL softibare package 
detemined that the data rnraslog-normal and the recomniended liCL was 29.7 ppm, The 
24.7 ppn: UCL (and rile maximum concentration o f  13 ppmj exceeds both the I0 ppn: 
cleanup level for recreational propeflies and the 2 pprn cleanup l e k  el f i r  residential 
properties. 



Area L consists of six sanple locations including 12 total sarnples on the east bank of the 
river bemeen transects 100 and 105 at elevations between 976 and 980. This includes 
samples fiom depths of 1 to 3 feet. For this area, the average PCB concentration was 
9.12 ppm and the maximum concentration was 74 pprn. The UGL, soft\vare package 
detemined that the data was log-nomal and the recommeilded UCL was 99 ppm. The 
99 ppm U C i  (and the maximum concentration of 74 ppnt) exceeds both the i 0  pprn 
cleanup level for recreational properties and the 2 pprn cleanup level for residential 
properties. 

Based on the analysis for subareas J, K and L, cleanup Levels for both residential and 
recreational areas are not nlet at elevations between 976 and 980 for the 0-1, 1-3 and 0-3 
depth ranges. Therefore, remediation is required on parcels 18-23-1,18-23-2,18-23-3 and 
18-23-4 from 0-3 feet froin elevation 976 to 980. 

In summary, for parcels 18-23-1,18-23-2,18-23-3 and 18-23-4, no remediation is required 
above elevation 980. Remediation is required on all four parcels from 0 to 3 feet at 
elevations below 980. 

Residential Properfy Evaluation: 3 - 6 Feef 

To meet the additional cleanup level set for residential properties, an evaluation of PCB 
concentrations from samples obtained at depth (3 to 6 feet) was completed for Parcel 18- 
23-1. Two requirenients have been established for the removal action associated with 
PCB concentrations in bank soils below three feet on residential parcels. First, a not to 
exceed (NTE) level of 50 ppm for PCBs has been instituted. Therefore, soil at locations 
and depths where PCB concentrations greater than 50 pprn were detected in samples must 
be removed. Secondly, residential parcels must have an average PCB concentration in 
soil from the 3 -15 foot depth of less than 10 ppm (excluding areas below the 
groundwater table). 

The analysis performed below evaluated all PCB results from samples obtained below 
three feet in the proposed bank remediation area on parcel 18-23-1. To perform this 
evaluation, the bank was divided into six separate averaging areas. For each averaging 
area one sample location that had sample depth intervals greater than three feet (including 
sample locations BS000132, BS000183, BS000184, BSCi00 186, BS000188, and 
BSti001c)O) was utilized in the analysis. Therefore, the PCB concentrations for each 
sample location would represent riverba~ik soils from the perpendicular bi-sector between 
each sample location, extending from the edge of river to the limit of excavation. The 
foilowing table depicts the PCB concentrations f'or each sample location by depth for 
each at eraging area. 
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Sample intervals where duplicate samples were collected have been averaged. This table 
also shows samples with PCB concentrations greater than the 50 ppm NTE level. 

The following table depicts the sanle sanlples assuming that the depth intervals with PCB 
concentrations greater than the 50 ppm NTE level are removed. In addition, an average 
PCB concentration for each averaging area and the overall bank average is presented at 
the bottom of the table. 

Averaging Areas for Parcel 18-23-1: NTE Intervals Removed 
I 

Depth 
Interval 

,411samples above depth intervals where PCB concentrations exceeded the 50-pprn NTE 
level are presumed to be excavated and replaced with clean fill and were assigned a PCB 
concentration of half the detection level of 0.01 8 ppm. The overall average PCB 
concentration for the riverbank area subject to remediation is less than 10 ppm. 
Therefore, no additional bank excavation is required. 

Based on the table above, the deeper PCB data (3-6 feet) on this parcel require excavation 
from the river to the limit o f  excavation to a depth of 5 feet in Area 2, and 4 feet in Area 
3. All other areas below elevariors 980 required remediation from 0to 3 feet. 

Summary and Recommendations 

Additional bznk sampling was conducted between Iransecls 98 and ZOG within the 1.5 
Mile Reach of the Wousatonic River. This additional dhra was gathered to further 
characterize concentrations of PCBsin the upper banks on these transects and to 
determine i f  modifications in the li~rii lofexcava:ion established in the E E C A  ~ t o u l dbe 



0 

appropriate. Based on these new results and srrpplemental data e? aluation, the foi.bllowing 
conclusions and modifications to remediation limits from the EE,'GA \\ere made: 

West Bank transecls 90 to 106 (parcel 18-24-1). The EE:CA required 
remediation from 0 to 3 feet for the entire riverbank down to transcct 106. The 
evaluation of the riverbank data on the west side of the river from transcct 90 to 
106, incorporating the new sampling results, indicates that the existing PCB 
concentrations are less than the cleanup goal of I0 pprn from elevation 980 to the 
top of the riverbank. Therefore, the remediation in this area will consist of the top 
three feet of the riverbank up to ele~ation 980. No remediation above elevation 
980 is required. This remediation will encompass the cntire west riverbank for 
parcel 18-24-1, including transects 90 and 92 and extending to the Elm Street 
bridge (i.e., approximately 15 feet beyond transect 106). 
East Bank transects 92 to 98 (parcel 18-23-6). The EE!CA required 
remediation from only the 0-1 foot depth to the top of the riverbank in this area. 
The re-evaluation of the riverbank soil data on the east side of the river from 
transect 92 to 98, incoryorating the new sampling results, indicates that the PCB 
concentrations exceed the cleanup goal of 10 ppm at the 0-1 foot depth and 1-3 
foot depths to the top of the riverbank. Based on this re-evaluation of the data, 
remediation is required from 0-3 feet to the top of the riverbank in this area. The 
0-3 foot remediation is required down to the property line between parcels 18-23-6 
and 18-23-4. 

o East bank transects 100 to 106 (parcels 18-23-1,18-23-2,18-23-3 and 18-23-4). 
The EEiCA required remediation from only the 0- 1 foot depth to the top of the 
riverbank in this area. The re-evaluation of the riverbank soil data on the east side 
of the river from transect 100 to 106, incorporating the new sampling results, 
indicates that the PCB concentrations are currently less than both cleanup levels 
of 10 ppm and 2 ppm from elevation 980 and greater but exceed both the10 ppm 
and 2 ppm cleanup levels at elevations less than 980. Therefore, remediation on 
these parcels (extending all the way to the Elm Street bridge) is required from 0 to 
3 feet up to elevation 980. No remediation above elevation 980 is required. 
Residential Parcel 18-23-1. The EEiCA did not consider the additional cleanup 
level of I0 ppm for the 3 to 15 foot depth interval on residential parcels. Based 
on the evaluation of sample results at depth (3 -6 feet), it is necessary to remove 
additional soil at depths greater than the proposed three feet in averaging areas 2 
and 3 (see above). In averaging area 2, the total depth of excavation will need to 
be adjusted to 5 feet while in averaging area 3; the total depth of exca~~ation will 
need to be adjusted to 4 feet. 



Table 2 Sarnole Resuits- - - -.. -

Location ID1 Depth fft)] PCB Total Result (ppm) I Result Flag 

BS000173 I C  - I C 231 
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Table 2: UCL Results 

"he m#nin?uniand maxlnlum of five separate non parametric UCL calculations is presented 
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APPENDIX 




Pro UCL Software Printouts 

Summary Statistics for 
Number of Samples 
Minimum 
R1aximum 
Mean 
Median 
Standard Devlat~on 
Variance 
Coefficient of Variat~on 
Skewness 

Shapiro-Wilk Test Statisitic 0.449159 
Shapiro-Wilk 5% Critical Value 0.923 
Data not Normal at 5% Significance Leve! 
Data are Lognormal: Try Lognormal UCLs 

95 % UCL (Assuming Normal Data) 
Student's-t 5.946426 

95 % UCL (Adjusted for Skewness) 
Adjusted-CLT 6.901079 
Modified-t 6.109776 

95 % Non-parametric UCL 
CLT 5.85383 
Jackknife 5.946426 
Standard Bootstrap 5.838936 
Bootstrap-t 15.21436 
Chebyshev (Mean, Stdf 9.989666 
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Pro UCL Softvvare Printouts 

Summary Statistics for 
Number of Samples 
Minimum 
Maximum 
Mean 
Median 
Standard Deviation 
Variance 
Coeff~cient of Variation 
Skewness 

95 96 UCL (Assuming Normal Data) 
Student's-t 5.946426 

95 % UCL (Adjusted for Skewness) 
Adjusted-CLT 6.901079 
Modified-t 6.109776 

95 % Non-parametric UCL 
C LT 5.85383 
Jackknife 5.946426 
Standard Bootstrap 5.824646 
Bootstrap-t 14.85002 
Chebyshev (Mean, Std) 9.989666 

Summary Statistrcs for IniA) 
Mintmum -3 729701 
Maxrmum 3 526361 
Mean -0 437029 
Standard Deviation 1 834343 
Variance 3364814 

Shap~ro-Wiik Test Statisrtrc 0 973439 
Shaprro-Wilk 5% Critical Value 0 923 
Data are Lognormal at 5% Significance Level 


Estimates Assum~ng Lognormal Distribution 

MLE Mean 3.474248 

MLE Standard Deviation 18.36038 

MLE Coefficient of Variation 5.284706 

MLE Skewness 163.446 

MLE Median 0.645953 

MLE 80% Quantile 3.043448 

MLE 90% Quantile 6.821653 

MLE 95% Quantile 13.20328 

MLE 99% Quantile 46.04655 


MVU Estimate of Median 0.606846 
MVU Estimate of Mean 3.006245 
MVU Estimate of Std. Dev. 9.661731 
MVU Estimate of SE of Mean 1.377512 

UCL Assuming Lognormal Distribution 
95% H-UCL 13.06067 
95% Chebyshev (MVUE) UCL 9.01068 
99% Chebyshev (MVUE) UCL 16.71232 
Recommended UCL to use: 

95 % Chebyshev (MVUEJ UCL 
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Pro UCL Sohare  Printouts 

Summary Statistics for 
Number of Samples 
Mtnrmum 
Maximum 
Mean 
Median 
Standard Deviation 
Varrance 
Coefficient of Var~at~on 
Skewness 

Shapiro-Wiik Test Statisitic 0.748451 
Shapiro-Wilk 5% Critical Value 0.85 
Data not Normal at 5% Significance Level 
Data are Lognormal: Try Lognormal UCLs 

95 % UCL (Assuming Normal Data) 
Student's-t 0.219032 

95 % UCL (Adjusted for Skewness) 
Adjusted-CLT 0.243944 
Modified-t 0.22409 

95 % Non-parametric UCL 
CLT 0.21 151 7 
Jackknife 0.219032 
Standard Bootstrap 0.207456 
Bootstrap-t 0.299893 
Chebyshev (Mean, Std) 0.333197 
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Pro UCL S o h a r e  Printouts 

Summary Statrstrcs for 
Number of Samples 
M~nrmum 
Maxrmum 
Mean 
Median 
Standard Dewation 
Variance 
Coefftcrent of Variation 
Skewness 

95 % UCL (Assuming Normal Data) 
Student's-t 0.21 9032 

95 % UCL (Adjusted for Skewness) 
Adjusted-CLT 0.243944 
Modified-t 0.22409 

95 % Non-parametric UCL 
C LT 0.21 151 7 
Jackknife 0.21 9032 
Standard Bootstrap 0.207614 
Bootstrap-t 0.300277 
Chebyshev (Mean, Std) 0.333197 

Summary Stat~stics for In@) 
Minimum -4.55638 
Maximum -0.6161 86 
Mean -2.477883 
Standard Deviation 1.1 19905 
Variance I 254188 

Shaprro-Wtlk Test Stalisitic 0965661 
Shaprro-Wilk 5% Crrtrcal Value 0 85 
Data are Lognormal at 5% Significance Level 


Estimates Assuming Lognormal Distribution 

MLE Mean 0.157113 

MLE Standard Deviation 0.248666 

MLE Coefficient of Variation 1.582717 

MLE Skewness 8.712841 

MLE Median 0.08392 1 

MLE 80% Quantile 0.216197 

MLE 90% Quantile 0.353877 

MLE 95% Quantile 0.529597 

MLE 99% Quantile 1.135436 


MVU Estimate of Median 0.079249 
MVU Estimate of Mean 0.144816 
MVU Estimate of Std. Dev. 0.179614 
MVU Estimate of SE of Mean 0.052164 

UCL Assuming Lognormal Distribution 
95% H-UCL 0.49587 
95% Chebyshev (MVUE) UCL 0.372193 
99% Chebyshev (MVUE) UCL 0.66384 
Recommended UCL to use: 

95 % Chebyshev (MVUE) UCL 
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Pro UCL Software Printouts 

Summay Statistics for 
Number of Samples 
Min~mum 
Max~mum 
Mean 
Median 
Standard Dedtation 
Variance 
Coeffrcrent of Variation 
Skewness 

Shapiro-Wiik Test Statisitic 0.676472 
Shapiro-Wilk 5% Critical Value 0.901 
Data not Normal at 5% Significance Level 
Data are Lognormal: Try Lognormal UCLs 

95 % UCL (Assuming Normal Data) 
Student's-t 46.3567 

95 % UCL (Adjusted for Skewness) 
Adjusted-CLT 50.69309 
Modified-t 47.15918 

95 % Non-parametric UCL 
CLT 45.54831 
Jackknife 46.3567 
Standard Bootstrap 45.37294 
Bootstrap-t 71.31 358 
Chebyshev (Mean, Std) 70.14215 



Pro UCL Software Printouts 

Summary Statrstrcs for 
Number of Samples 
Minimum 
firtaximum 
Mean 
Median 
Standard Deviation 
Variance 
Coefficient of Variation 
Skewness 

95 % UCL (Assuming Normal Dataj 
Student's-t 46.3567 

95 % UCL (Adjusted for Skewness) 
Adjusted-CLT 50.69309 
Modified-t 47.15918 

95 % Non-parametric UCL 
C LT 45.54831 
Jackknife 46.3567 
Standard Bootstrap 45.02426 
Bootstrap-t 69.22947 
Chebyshev (Mean, Std) 70.14215 

Summary Statistics for IniC) 
Mrntmum 0 29267 
Maximum 5 010635 
Mean 2 744252 
Standard Deviation 1 282147 
Varrance 1 6439 

Shapiro-Wilk Test Statisitic 0.958284 
Shapiro-Wilk 5% Critical Value 0.901 
Data are Lognormal at 5% Significance Level 


Estimates Assuming Lognormal Distribution 

MLE Mean 35.38198 

MLE Standard Deviation 72.29808 

MLE Coefficient of Variation 2.043359 

MLE Skewness 14.66174 

MLE Median 15.55298 

MLE 80% Quantile 45.95518 

MLE 90% Quantile 80.78659 

MLE 95% Quantile 128.1734 

MLE 99% Quantile 306.901 2 


MVU Estimate of Median 14.8931 
MVU Estimate of Mean 32.95603 
MVU Estimate of Std. Dev. 53.28524 
MVU Estimate of SE of Mean 11.23106 

UCL Assuming Lognormal Distribution 
95% H-UCL 89.04082 
95% Chebyshev (MVUE) UCL 81.91 109 
99% Chebjshev (MVUE) UCL 144.7037 
Recommended UCL to use: 

95 % Chebyshev (MVUE) UCL 

Page 6 cf 24 



Pro UCL Softvvare Printouts 

Summary Statistics for 
Number of Samples 
Minimum 
Maximum 
Mean 
Median 
Standard Deviation 
Variance 
Coefficient of Variation 
Skewness 

Shapiro-Wilk Test Statisitic 0.808758 
Shapiro-Wiik 5% Critical Value 0.905 
Data not Normal at 5% Significance Level 
Data are Lognormal: Try Lognormal UCLs 

95 % UCL (Assuming Normal Data) 
Student's-t 14.68969 

95 % UCL (Adjusted for Skewness) 
Adjusted-CLT 15.4341 
Modified-t 14.84022 

95 % Non-parametric UCL 
C LT 14.46905 
Jackknife 14.68969 
Standard Bootstrap 14.18428 
Bootstrap-t 15.76195 
Chebyshev (Mean, Std) 2 1.57446 
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Pro UCL Software Printouts 

Summary Statlst~cs for 
Number of Samples 
Mrnrmum 
Maximum 
Mean 
Med~an 
Standard Dev~ation 
Variance 
Coefficrent of Variation 
Skewness 

95 % UCL (Assuming Normal Data) 
Student's-! 14.68969 

95 % UCL (Adjusted for Skewness) 
Adjusted-CLT 15.4341 
Modified-t 14.84022 

95 % Non-parametric UCL 
C LT 14.46905 
Jackknife 14.68969 
Standard Bootstrap 14.29063 
Bootstrap-t 16.17313 
Chebyshev (Mean, Std) 2 1.57446 

Summary Statrstics for in@) 
Mtnlmum -1 258781 
Maximum 37612 
Mean 1 496055 
Standard Deviat~on 1 518334 
Variance 2305338 

Shapiro-Wilk Test Statisitic 0.949298 
Shapiro-Wilk 5% Critical Value 0.905 
Data are Lognormal at 5% Significance Level 


Estimates Assuming Lognormal Distribution 

MLE Mean 14.13599 

MLE Standard Deviation 42.47285 

MLE Coefficient of Variation 3.00459 

MLE Skewness 36.1379 

MLE Median 4.464044 

MLE 80% Quantile 16.10367 

MLE 90% Quantile 31.40961 

MLE 95% Quantile 54.25604 

MLE 99% Quantile 152.5816 


MVU Estimate of Median 4.21 3368 
MVU Estimate of Mean 12.68244 
MVU Estimate of Std. Dev. 26.72566 
MVU Estimate of SE of Mean 5.157303 

UCL Assuming Lognormal Distribution 
95% H-UCL 46.06085 
95% Chebyshev (MVUE) UCL 35.1626 
33% Chebj/shev (MVUE)UCL 63.99696 
Recommended UCL to use: 

95 % Chebyshev (MVUE) UCL 
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Pro UCL Somare Printouts 

Summar), Statistics for 
Number of Samples 
Minimum 
Maximum 
Mean 
Median 
Standard Deviation 
Variance 
Coefficient of Variation 
Skewness 

Shapiro-Wilk Test Statisitic 0.618908 
Shapiro-Wiik 5Oio Criticai Value 0.892 
Data not Normal at 5% Sign~ficance Level 
Data are Lognormal: Try Lognormal UCLs 

95 % UCL (Assuming Normal Data) 
Student's-t 0.388593 

95 % UCL (Adjusted for Skewness) 
Adjusted-CLT 0.444746 
Modified-t 0.398571 

95 % Non-parametric UCL 
CLT 0.380779 
Jackknife 0.388593 
Standard Bootstrap 0.376024 
Bootstrap-t 0.555135 
Chebyshev (Mean, Std) 0.590696 
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Pro UCL Software Printouts 

Summary Statistics for 
Number of Samples 
Minimum 
Maxrmum 
Mean 
Median 
Standard Deviat~on 
Variance 
Coefficient of Var~ation 
Skewness 

95 % UCL (Assuming Normal Data) 
Student's-t 0.388593 

95 % UCL (Adjusted for Skewness) 
Adjusted-CLT 0.444746 
Modified-t 0.398571 

95 % Non-parametric UCL 
C LT 0.380779 
Jackknife 0.388593 
Standard Bootstrap 0.37674 
Bootstrap-t 0.53991 9 
Chebyshev (Mean, Std) 0.590696 

Summary Stat~stics for in(E) 
Min~mum -4 767689 
Maximum 0 336472 
Mean -1 935853 
Standard Deviation 1 207612 
Var~ance 1 458325 

Shapiro-Wiik Test Statisitic 0.938778 
Shapiro-Wilk 5% Critical Value 0.892 
Data are Lognormal at 5% Significance Level 


Estimates Assuming Lognormal Distribution 

MLE Mean 0.299186 

MLE Standard Deviation 0.543395 

MLE Coefficient of Variation 1.816247 

MLE Skewness 11.44009 

MLE Median 0.144301 

MLE 80% Quantile 0.400348 

MLE 90% Quantile 0.681082 

MLE 95% Quantile 1.051 973 

MLE 99% Quantile 2.394204 


MVU Estimate of Median 0.138228 
MVU Estimate of Mean 0.279821 
MVU Estimate of Std. Dev. 0.408957 
MVU Estimate of SE of Mean 0.092896 

UCL Assuming Lognormal Distribution 
95% H-UCL 0.742836 
95% Chebyshev (MVUE) UCL 0.684744 
99% Chebyshev (PJIVUE) L1CL 1.204122 
Recommended UCL to use: 

95 % Chebyshev (MVUEj UCL 
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Pro UCL SofWare Printouts 

Summaryr Statistics for 
Number of Samples 
Minimum 
Max~mum 
Mean 
Median 
Standard Deviatron 
Variance 
Coefficient of Var~ation 
Skewness 

Shapiro-Wiik Test Statisitic 0.745881 
Shapiro-Wiik 5% Critical Value 0.947 
Data not Normal at 5% Significance Level 
Data not Lognormal: Try Non-parametric UCL 

95 % UCL (Assuming Normal Data) 
Student's-t 0.375258 

95 % UCL (Adjusted for Skewness) 
Adjusted-CLT 0.320547 
Modified-t 0.316179 

95 % Non-parametric UCL 
C LT 0.314644 
Jackknife 0.315258 
Standard Bootstrap 0.314371 
Bootstrap-t 0.322321 
Chebyshev (Mean, Std) 0.367285 
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Pro UCL Softvvare Printouts 

Summary Statistrcs for 
Number of Samples 
Minimum 
Maximum 
Mean 
Median 
Standard Deviation 
Variance 
Coefficient of Variation 
Skewness 

95 % UCL (Assuming Normal Data) 
Student's-t 0.31 5258 

35 % UCL (Adjusted for Skewness) 
Adjusted-CLT 0.320547 
Modified-t 0.316179 

95 % Non-parametric UCL 
C LT 0.314644 
Jackknife 0.31 5258 
Standard Bootstrap 0.314814 
Bootstrap-t 0.324517 
Chebyshev (Mean, Std) 0.367285 

Summary Statistics for lri(F) 
Minimum -3 963316 
Maximum -0105361 
Mean -1 408915 
Standard Deviation 0 649566 
Variance 0 421937 

Shapiro-Wilk Test Statisitic 0.707102 
Shapiro-Wilk 5% Critical Value 0.947 
Data not Lognormal at 5% Significance Level 
Data not Normal: Try Non-parametric UCL 

Estimates Assuming Lognormal Distribution 
MLE Mean 0.301813 
MLE Standard Deviation 0.2 18666 
MLE Coefficient of Variation 0.724508 
MLE Skewness 2.553826 
MLE Median 0.244408 
MLE 80% Quantile 0.423149 
MLE 90% Quantile 0.563143 
MLE 95% Quantile 0.71 1501 
MLE 99% Quantile 1.107358 

MVU Estimate of Median 0.243379 
MVU Estimate of Mean 0.300293 
MVU Estimate of Std. Dev. 0.213421 
MVU Estimate of SE of Mean 0.029854 

UCL Assuming Lognormal Distribution 
95% H-UCL 0.362942 
35% Chebyshev (MVUEJ UCL 0.430426 
99% Chebyshev (MVUE) UCL 0.59734 



Pro UCL Softvvare Printouts 

Summary Statistics for 
Number of Samples 
Minimum 
Maximum 
Mean 
Median 
Standard Devtatton 
Variance 
Coefficient of Variation 
Skewness 

Shapiro-Wilk Test Statisitic 0.71 7064 
Shapiro-Wilk 5% Critical Value 0.933 
Data not Normal at 5% Significance Level 
Data not Lognormal: Try Non-parametric UCL 

95 % UCL (Assuming Normal Data) 
Student's-t 11.7876 

95 % UCL (Adjusted for Skewness) 
Adjusted-CLT 12.45465 
Modified-t 11.90659 

95 % Non-parametric.UCL 
C LT 11.691 75 
Jackknife 11.7876 
Standard Bootstrap 11.6176 
Bootstrap-t 12.76148 
Chebyshev (Mean, Std) 17.16729 
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Pro UCL Software Printouts 

Summary Statistics for 
Number of Samples 
Minimum 
Maximum 
Mean 
Median 
Standard Deviation 
Variance 
Coefficient of Variat~on 
Skewness 

95 % UCL (Assuming Normal Data) 
Student's-t 11.7876 

95 % UCL (Adjusted for Skewness) 
Adjusted-CLT 12.45465 
Modified-t 11 .go659 

95 % Non-parametric UCL 
C LT 1 1.691 75 
Jackknife 11.7876 
Standard Bootstrap 11.61 002 
Bootstrap-t 12.96598 
Chebyshev (Mean, Std) 17.16729 

Summary Statistrcs for In(Gj 
Min~mum -1 285544 
Maximum 3 912023 
Mean 1 029208 
Standard Devtation 1 653171 
Variance 2 732973 

Shapiro-Wilk Test Statisitic 0.908399 
Shapiro-Wilk 5% Critical Value 0.933 
Data not Lognormal at 5% Significance Level 
Data not Normal: Try Non-parametric UCL 

Estimates Assuming Lognormal Distribution 
MLE Mean 10.97582 
MLE Standard Deviation 41.61924 
MLE Coefficient of Variation 3.791905 
MLE Skewness 65.89777 
MLE Median 2.798847 
MLE 80% Quantile 11.31 509 
MLE 90% Quantile 23.41 863 
MLE 95% Quantile 42.46471 
MLE 99% Quantile 130.9064 

MVU Estimate of Median 2.688466 
MVU Estimate of Mean 10.06948 
MVU Estimate of Std. Dev. 27.94098 
MVU Estimate of SE of Mean 3.748983 

UCL Assuming Lognormal Distribution 
95% H-UCL 28.06295 
n~5oh Chebyshev (IL+lVUE) UCL 26.41 092 
99% Chebyshev (MVUEJ UCL 47.371 39 
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Pro UCL Software Printouts 

Summary Statfstrcs for 
Number of Samples 
M~nrmum 
Maximum 
Mean 
Median 
Standard C)ev~ation 
Variance 
Coeffrcrent of Var!a:ion 
Skewness 

Shapiro-Wilk Test Statisitic 0.724852 
Shapiro-Wilk 5% Critical Value 0.859 
Data not Normal at 5% Significance Level 
Data are Lognormal: Try Lognormal UCLs 

95 % UCL (Assuming Normal Data) 
Student's-t 18.73458 

95 % UCL (Adjusted for Skewness) 
Adjusted-CLT 20.75778 
Modified-t 19.14993 

95 % Non-parametric UCL 
C LT 18.09496 
Jackknife 18.73458 
Standard Bootstrap 17.69717 
Bootstrap-t 28.77827 
Chebyshev (Mean, Std) 29.58896 
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Pro UCL Software Printouts 

Summary Statrstrcs for 
Number of Samples 
M~n~mum 
Max~mum 
Mean 
Med~an 
Standard Deviation 
Variance 
Coeff~c~entof Variation 
Skewness 

95 % UCL (Assuming Normal Data) 
Student's-t 18.73458 

95 % UCL (Adjusted for Skewness) 
Adjusted-CLT 20.75778 
Modified-t 19.14993 

95 % Non-parametric UCL 
C LT 18.09496 
Jackknife 18.73458 
Standard Bootstrap 17.68046 
Bootstrap-t 29.05058 
Chebyshev (Mean, Std) 29.58896 

Summary Stalistrcs for In(H) 
Minimum -0.634878 
Maximum 3.912023 
Mean 1.638091 
Standard Deviation 1.3791 33 
Variance 1.902008 

Shapiro-Wilk Test Statisltic 0.958476 
Shapiro-Wilk 5% Criticai Value 0.859 
Data are Lognormal at 5% Significance Level 


Estimates Assuming Lognormal Distribution 

MLE Mean 13.31772 

MLE Standard Deviation 31.79375 

MLE Coefficient of Variation 2.387328 

MLE Skewness 20.76816 

MLE Median 5.145339 

MLE 80% Quantile 16.50162 

MLE 90% Quantile 30.27364 

MLE 95% Quantile 49.7378 

MLE 99% Quantile 127.2247 


MVU Estimate of Median 4.75098 
MVU Estimate of Mean 11.6928 
MVU Estimate of Std. Dev. 19.04021 
MVU Estimate of SE of Mean 5.084836 

UCL Assuming Lognormal Distribution 
95% H-UCL 60.6735 
95% Chebyshev (MVUE) UCL 33.85708 
99% Chebyshev (M'v'UE) UCL 62.28628 
Recommended UCL to use: 

95 % Chebyshev (MVUE) UCL 
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Pro UCL Software Printouts 

Summary Statistics for 
Number of Samples 
Minimum 
Maximum 
Mean 
Median 
Standard Deviation 
Variance 
Coefficient of Variation 
Skewness 

Shapiro-Wilk Test Statisitic 0.71 0236 
Shapiro-Wilk 5% Critical Value 0.91 1 
Data not Normal at 5% Significance Level 
Data not Lognormal: Try Non-parametric UCL 

95 % UCL (Assuming Normal Data) 
Student's-t 10.50239 

95 % UCL (Adjusted for Skewness) 
Adjusted-CLT 11.24733 
Modified-t 10.64357 

95 % Non-parametric UCL 
CLT 10.3422 
Jackknife 10.50239 
Standard Bootstrap 10,27153 
Bootstrap-t 11.69761 
Chebyshev (Mean, Std) 16.071 12 
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Pro UCL Software Printouts 

Summary Stattstics for 
Number of Samples 
M~nimum 
Maximum 
Mean 
Median 
Standard Deviat~on 
Var~ance 
Coeffic~entof Variation 
Skewness 

95 % UCL (Assuming Normal Data) 
Student's-t 10.50239 

95 % UCL (Adjusted for Skewness) 
Adjusted-CLT 11.24733 
Modified-t 10.64357 

95 % Non-parametric UCL 
C LT 10.3422 
Jackknife . 10.50239 
Standard Bootstrap 10.30768 
Bootstrap-t 12.13403 
Chebyshev (Mean, Std) 16.07112 

Summary Statistics for in(l) 
Minimum -2.285544 
Maxrmum 3 65584 
Mean 0.697089 
Standard Deviation 1.723652 
Var~ance 2 970976 

Shapiro-Wilk Test Statisitic 0.865417 
Shapiro-Wilk 5% Critical Value 0.911 
Data not Lognormal at 5% Significance Level 
Data not Normal: Try Non-parametric UCL 

Estimates Assuming Lognormal Distribution 
MLE Mean 8.8691 36 
MLE Standard Deviation 38.15889 
MLE Coefficient of Variation 4.302436 
MLE Skewness 92.54949 
MLE Median 2.0079 
MLE 80% Quantile 8.61 5607 
MLE 90% Quantile 18.39322 
MLE 95% Quantile 34.20928 
MLE 99% Quantile I1 0.6424 

MVU Estimate of Median 1.876423 
MVU Estimate of Mean 7.680591 
MVU Estimate of Std. Dev. 20.56609 
MVU Estimate of SE of Mean 3.498899 

UCL Assuming Lognormal Distribution 
95% H-UCL 34.9691 5 
95% Chebyshev (MVUE) UCL 22.93194 
99% Chebyshev (MVUE) UCL 42.4941 9 
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Pro UCL Sofhnrare Printouts 

Summary Statistics foi 
Number of Samples 
Minimum 
Maximum 
Mean 
Median 
Standard Deviation 
Variance 
Coefficient of Variation 
Skewness 

Shapiro-Wilk Test Statisitic 0.455676 
Shapiro-Wilk 5% Critical Value 0.897 
Data not Normal at 5% Significance Level 
Data are Lognormal: Try Lognormal UCLs 

95 % UCL (Assuming Normal Data) 
Student's-t 14.5978 

95 % UCL (Adjusted for Skewness) 
Adjusted-CLT 18.06047 
Modified-t 15.19785 

95 % Non-parametric UCL 
C LT 14.2135 
Jackknife 14.5978 
Standard Bootstrap 13.88059 
Bootstrap-t 29.58886 
Chebyshev (Mean, Std) 25.22121 
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Pro UCL Software Printouts 

Summary Stattstrcs for 
Number of Samples 
Min~mum 
Maximum 
Mean 
Median 
Standard Deviation 
Variance 
Coefficient of Var~ation 
Skewness 

95 % UCL (Assuming Normal Dataj 
Student's-t 14.5978 

95 % UCL (Adjusted for Skewness) 
Adjusted-CLT 1 8.06047 
Modified-t 15.19785 

95 % Non-parametric UCL 
C LT 14.2135 
Jackknife 14.5978 
Standard Bootstrap 14.01 981 
Bootstrap-t 29.96044 
Chebyshev (Mean, Std) 25.22121 

99 % Non-parametric UCL 
Chebyshev (Mean, Std) 47.89726 

Summary Statrstics far in@) 
Minimum -4.710531 
Maximum 4.304065 
Mean 0.274949 
Standard Deviation 2.150693 
Variance 4.625481 

Sbapiro-tzlilk Test Statisitic 0.940501 
Shapiro-Wilk 5% Critical Value 0.897 
Data are Lognormal at 5% Significance Level 


Estimates Assuming Lognormal Distribution 

MLE Mean 13.29901 

MLE Standard Deviation 133.6877 

MLE Coefficient of Variation 10.05245 

MLE Skewness 1045.976 

MLE Median 1.316464 

MLE 80% Quantile 8.10341 

MLE 90% Quantile 20.87579 

MLE 95% Quantile 45.27882 

MLE 99% Quantile 195.872 


MVU Estimate of Median 1.156711 
MVU Estimate of Mean 9.580168 
MVU Estimate of Std. Dev. 35.66459 
MVU Estimate of SE of Mean 5.842139 

UCL Assuming Lognormal Distribution 
95% H-UCL 148.803 
95% Chebyshev (MVUEJ UCL 35.04546 
99% Chebyskev (PdVUE) UCL 67.70872 
Recommended UCL to use: 

99 % Chebyshev (MVUE) UCL 
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Pro UCL Software Printouts 

Summary Statistics for 
Number of Samples 
Minimum 
Maximum 
Mean 
Median 
Standard Deviatron 
Variance 
Coefficient of Variat~on 
Skewness 

Shapiro-Wilk Test Statisitic 0.764855 
Shapiro-Wilk 5% Criticai Value 0.788 
Data not Normal at 5% Significance Level 
Data are Lognormal: Try Lognormal UCLs 

95 % UCL (Assuming Normai Data) 
Student's-t 9.141258 

95 % UCL (Adjusted for Skewness) 
Adjusted-CLT 9.546617 
Modified-t 9.340641 

95 % Non-parametric UCL 
C LT 8.26835 
Jackknife 9.141258 
Standard Bootstrap 7.950189 
Bootstrap-t 42.88908 
Chebyshev (Mean, Stdf 14.66799 

Page 21 of 24 



Pro UCL Softvvare Printouts 

Summary Stattsttcs for 
Number of Samples 
Wltn~mum 
Maxlmum 
Mean 
Median 
Standard Deviation 
Variance 
Coeffrc~ent of Var~at~on 
Skewness 

95 0,6 UCL (Assuming Normal Data) 
Student's-t 9.141258 

95 Oi: UCL (Adjusted for Skewness) 
Adjusted-CLT 9.546617 
Modified-t 9.340641 

95 % Non-parametric UCL 
C LT 8.26835 
Jackknife 9.141258 
Standard Bootstrap 7.983528 
Bootstrap-t 45.39933 
Chebyshev (Mean, Std) 14.66799 

99 % Non-parametric UCL 
Chebyshev (Mean, Std) 27.85134 

Summary Statistics for i n w )  
Minimum -1.229291 
Maximum 2.639057 
Mean 0.537559 
Standard Deviation 1.572005 
Variance 2.471 199 

Shapiro-Wilk Test Statisitic 0.913254 
Shapiro-Wilk 5% Critical Vaiue 0.788 
Data are Lognormal at 5% Significance Level 


Estimates Assuming Lognormal Distribution 

MLE Mean 5.889425 

MLE Standard Deviation 19.38742 

MLE Coefficient of Variation 3.291 903 

MLE Skewness 45.54883 

MLE Median 1.711823 

MLE 80% Quantile 6.461 768 

MLE 90% Quantile 12.90461 

MLE 95% Quantile 22.72593 

MLE 99% Quantile 66.2901 8 


MVU Estimate of Median 1.384263 
MVU Estimate of Mean 4.261 876 
MVU Estimate of Std. Dev. 6.598429 
MVU Estimate of SE of Mean 2.552199 

UCL Assuming Lognormai Distribution 
95% H-UCL 539.191 2 
95% Chebyshev (MVUE) UCL 15.38665 
99% Chebyshev (MVUE) UCL 29.65593 
Recommended UCL to use: 

99 % Chebyshev (MVUE) UCL 
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Pro UCL Softvvare Printouts 

Summary Statrst~cs for 
Number of Samples 
Mlntmum 
Max~mum 
Mean 
Median 
Standard Dev~ation 
Variance 
Coefftcrent of Varration 
Skewness 

Shapiro-Wiik Test Statisitic 0.478417 
Shapiro-Wilk 5% Critical Value 0.859 
Data not Normal at 5% Significance LeveI 
Data are Lognormal: Try Lognormal UCLs 

95 % UCL (Assuming Normal Data) 
Student's-t 19.92251 

95 % UCL (Adjusted for Skewness) 
Adjusted-CLT 25.01452 
Modified-t 20.85849 

95 % Non-parametric UCL 
C LT 19.01 391 
Jackknife 19.92251 
Standard Bootstrap 18.5531 8 
Bootstrap-t 51.44094 
Chebyshev (Mean, Std) 35.34163 

Page 23 of 24 



Pro UCL S o h a r e  Printouts 

Summary Statistics for 
Number of Samples 
Minimum 
Maxtmum 
Mean 
Median 
Standard Deviation 
Variance 
Coeff~cient of Variatron 
Skewness 

95 % UCL (Assuming Normal Data) 
Student's-t 19.92251 

95 % UCL (Adjusted for Skewness) 
Adjusted-CLT 25.01452 
Modified-t 20.85849 

95 % Non-parametric UCL 
C LT 19.01391 
Jackknife 19.92251 
Standard Bootstrap 18.49521 
Bootstrap-t 52.80698 
Chebyshev (Mean, Std) 35.34163 

99 % Non-parametric UCL 
Chebyshev (Mean, Std) 68.97697 

Summary Statistics for ln(Lj 
Minimum -4.710531 
Maximum 4.304055 
Mean 0.143645 
Standard Deviation 2.443107 
Variance 5.968773 

Shapiro-Wilk Test Statisitic 0.938774 
Shapiro-Wilk 5% Critical Value 0.859 
Data are Lognormal at 5% Significance Level 

Estimates Assuming Lognormal Distribution 

MLE Mean 22.82898 

MLE Standard Deviation 450.851 

MLE Coefficient of Variation 19.74906 

MLE Skewness 7761.886 

MLE Median 1.154474 

MLE 80% Quantile 9.098141 

MLE 90% Quantile 26.65661 

MLE 95% Quantile 64.23549 

MLE 99% Quantile 339.1057 


MVU Estimate of Median 0.895803 
MVU Estimate of Mean 11.93681 
MVU Estimate of Std. Dev. 43.747 
MVU Estimate of SE of Mean 8.782161 

UCL Assuming Lognormal Distribution 
95% H-UCL 181 3.975 
95% Chebyshev (MVUE) UCL 50.21736 
99% Chebyshev (MVUE) UCL 99.31821 
Recommended UCL to use: 

99 % Chebyshev (MVUE) UCL 
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